Research communities evolve over time, changing their interests for specific problems or research areas. Mapping the evolution of a research community, including the most frequently addressed problems, the strategies selected to propose solution for them, the venues on which results observed from applying these strategies are published, and the collaboration among distinct groups may provide lessons on actions that can positively influence the growth of research in a given field. To this end, this paper presents an analysis of the Brazilian SBSE research community. We present our major research groups focusing on the field, the software engineering problems most addressed by them, the search techniques most frequently used to solve these problems, and an analysis of our publications and collaboration. We could conclude that the Brazilian community is still expanding, both geographically and in terms of publications, and that the creation of a national workshop focusing on the research field was a keystone to allow this growth.
Introduction
In the technical literature, we find studies that report an increasing number of works and diversity of addressed Software Engineering (SE) areas in the Search Based Software Engineering (SBSE) field (Harman et al. 2009 ). By analyzing the SEBASE a repository, we observe, as it happens with many other research fields, that the first SBSE works were published in European and North-American conferences: 166 out of 184 conference papers published up to 2005 were reported on European and NorthAmerican venues. Research was expanded to Asia and Oceania on the second part of the last decade and 62 out of 454 papers published up to 2009 were reported on conferences held on these places. More recently, a strong participation of South America has been perceived, essentially concentrated on Brazil; only one conference paper was published in a venue in Argentina and we did not identify other South American country in which SBSE papers were published.
A quick scan on SEBASE shows that 6% of its publications (of 1,093 papers as for the date) are accredited to Brazilian authors. This expressive number is mainly due to the organization, in the last three years, of an event in the area: the Brazilian Workshop on Search Based Software Engineering (WESB). Since then (2010) , an increase in the number of SBSE papers published by Brazilian authors can be perceived (Freitas and Souza 2011; Colanzi et al. 2012 ) and the SBSE field is growing rapidly in Brazil.
On the other hand, Brazil has gained international attention due to hosting large scale events, such as 2016 Olympic Games and FIFA World Cup 2014, and has attracted investments from different sources. This aroused interest in Brazilian research. This growing interest and the increasing number of Brazilian works in the SBSE field serve as motivation to this paper, which presents the SBSE Brazilian community and maps its production. This mapping aims to answer two main research questions.
RQ1:
What are the research groups working with SBSE in Brazil? This question allows the identification of existing groups: institutions and regions of the country; addressed SE areas; search-based techniques used; and number of researchers; RQ2: How is the production of the Brazilian community? This question allows acquiring knowledge about the field in Brazil. Collected data are analyzed considering the same categories used in a former bibliometrics analysis of the SBSE field (Liu et al. 2012) : publication, sources, authorship and collaboration.
The main contributions of the research and analysis conducted and reported in this paper are presenting the Brazilian researchers and groups working on SBSE and providing an overview of the works produced by them. Furthermore, secondary contributions of this work include: 1) discussing some trends and challenges to this community; 2) contributing to consolidate the area in Brazil; and 3) allowing greater cooperation among its members and international researchers.
The paper is organized in sections. The next section encompasses related work, the methodology adopted to conduct the systematic mapping, as well as the mapping results. The section named Conclusions contains our final remarks.
Review
The systematic mapping is reported in this section. First, we present related work. After, we describe the methodology adopted in our study, including how data were collected and the categories used in the analysis. Finally, the collected data are analyzed to answer, respectively, the research questions RQ1 and RQ2.
Background
The field of SBSE is devoted to the application of search based algorithms to support different Software Engineering activities. In the last years, we observe a growing number of works in this field, reporting the use of such algorithms for software bug fixing (Emer et al. 2002) , project management (Barreto et al. 2008; Braz and Vergilio 2004) , process composition (Magdaleno 2010) , refactoring, software slicing and comprehension (Harman 2007b) , cloud engineering (Harman et al. 2012b) , software repair (Goues et al. 2013) , reverse engineering (Harman et al. 2013) , and so on. Some of the former areas already have surveys and systematic reviews consolidating the works performed by researchers in their subfield, among them software testing (Afzal et al. 2009; Yoo and Harman 2012) , software design (Räihä 2010 ) and software requirements (Zhang et al. 2008; Pitangueira et al. 2013) .
Considering this interest, a great number of SBSE surveys have been published as bibliometrics analysis, mapping studies, or systematic literature reviews. For instance, in (Freitas and Souza 2011) , the authors describe the first bibliometrics analysis to SBSE publications. A bibliometrics analysis is a quantitative analysis that describes patterns of publications within a given field or body of literature. This study covered 677 publications of the SBSE community from 2001 through 2010. They focused in four categories: Publication, Sources, Authorship, and Collaboration. Additionally, estimates for the next years of several publication metrics are given. The study also analyzed the applicability of bibliometrics laws in SBSE.
In (Colanzi et al. 2012) , the authors present results of a mapping they had performed in order to provide an overview of the SBSE field in Brazil. The main goal is to map the Brazilian SBSE community by identifying the most active researchers, focus of published works, venue, and frequency of publications. It used the Brazilian Symposium on Software Engineering as a basis to identify works relating optimization and software engineering. Having a broader scope, the analyses presented in the present paper are based on a repository maintained by the international community, in which prediction and clustering works are also included (besides works on optimization). Due to this, different results are obtained when compared to (Colanzi et al. 2012) , mainly considering authors and publications, now evaluated by using bibliometrics analysis. Thus, a major contribution of the present work, which was not presented previously, is the identification of the research groups and the collaboration links among them. New authors and groups were also identified, which is very important to expand and consolidate the Brazilian SBSE community.
Systematic Literature Reviews have also been performed in the context of SBSE. A Systematic Literature Review (SLR) is "a means of evaluating and interpreting all available research relevant to a particular research question, topic area or phenomenon of interest" (Dybå et al. 2005) . For instance, in (Afzal et al. 2009) , the authors present a systematic review that examined existing work into non-functional search-based software testing (NFSBST). They analyzed types of non-functional testing targeted using search techniques, different fitness functions used in distinct types of NFSBST, and challenges in the application of these techniques. The systematic review was based on a set of 35 papers published from 1996 to 2007. The results showed that search techniques have been applied for non-functional testing of several aspects, including execution time, quality of service, security, usability, and safety. A large number of search techniques were found to be applicable to those problems, including simulated annealing, tabu search, Genetic Algorithms (GAs), Ant Colony Optimization (ACO), grammatical evolution, Genetic Programming (GP) (and its variants), and swarm intelligence methods. The review reported on different fitness functions used to guide the search for each of the identified aspects. (Ali et al. 2010) describe the results of a SLR that aimed at characterizing how empirical studies have been designed to investigate search-based software testing (SBST) cost-effectiveness and what empirical evidence is available in the literature regarding SBST cost-effectiveness and scalability. The authors also provided a framework that drives the data collection process and can be the starting point for guidelines on how SBST techniques can be empirically assessed. According to the authors, the intent would be aiding future researchers doing empirical studies in SBST by providing an unbiased view of the body of empirical evidence and by guiding them in performing well-designed and executed empirical studies.
Finally, (Harman 2007a ) describes a survey that analyzed a set of works on the application of optimization techniques in software engineering. The paper briefly reviews widely used optimization techniques and the key ingredients required for their successful application to software engineering, providing an overview of existing results in eight software engineering application domains. The paper also describes the benefits that are likely to accrue from the growing body of work in this area and provides a set of open problems, challenges and areas for future work.
Methodology
The main goal of a mapping study is to provide an overview of a research area, identifying the quantity and type of research and results available within it (Petersen et al. 2008 ). In our case, the goal is to provide an overview of the SBSE area in Brazil. To this end, seven researchers were involved in performing the mapping steps, according to the strategy delineated by (Petersen et al. 2008) , in order to answer the research questions presented on Introduction. Next, we describe how these steps were conducted.
Conducting search and screening of works
The search for relevant publications was conducted by using the SBSE Repository SEBASE. This choice is due to two main reasons. The first one is that academic databases, such as IEEEXplorer and ACM Digital Library, may not include all the works from a specific field. The second one is that the chosen repository is considered a comprehensive base in the SBSE field and has been used as a reference by a similar work (Freitas and Souza 2011) . It contains publications covering different sources and is frequently updated. However, we think those academic databases are very important, and to avoid significant omissions in our collected data, we conducted a verification step. Such steps and other ones included in our methodology are as follows.
In a first step, we asked the researcher responsible for maintaining and updating the SEBASE repository for a list of papers published by Brazilians. Then, the list was checked, considering a single inclusion criterion: at least one author is a Brazilian researcher. We define a Brazilian researcher as someone who works or studies in a Brazilian research institute, typically a state-held university or a research laboratory for a public or private company. This definition rules out research performed by Brazilians working for companies and universities which reside outside the Brazilian territory, except if those researchers have, in some point, returned to their home country and participated in local research to the extent required to be author in at least one paper. At the end of this step, a list of authors was generated. After this, we conducted a verification step to increase the level of confidence in the collected data. We searched in the DBLP site b by other works from each author present in the generated list. In such step new authors were found and also searched.
As a result of all steps conducted and mentioned above, 73 works were obtained. It is important to notice that the search included only papers published before 6 th February
2013.
Classification schema, data extraction and mapping According to our research questions, two analyses were conducted considering a classification schema with different categories. On regard of the first research question, the following categories were considered:
Research groups: we identify the main institutions appearing in the selected papers and the regularity of publications. From this, we identify the main research groups; Software engineering areas: this aspect reports the main interest areas of the identified groups. The areas were identified using the ACM Computing Classification System c . Areas containing one or two papers were grouped in the category named Other subjects; Search-based techniques: this dimension shows what are the preferences and expertise of each group, and what are the most commonly used search-based techniques in each area. We consider categories such as classical and metaheuristic.
We also decided to classify the metaheuristics according to the kind of evolutionary algorithm used and the number of objectives. In this analysis the surveys were excluded, as well as some other papers that do not clearly mention the applied algorithm.
On regard of the second research question, the analysis was based on the same categories adopted in the bibliometrics analysis described in (Freitas and Souza 2011): Publications: this aspect reports on the number of publications produced by Brazilian researchers working on the SBSE field; Sources: this aspect is related to the venue in which our selected papers were published, including conference proceedings, academic journals, books, and technical reports; Authorship: this is related to the number of Brazilian researchers entering or leaving the SBSE field; Collaboration: here we address the level of collaboration within the community, measured as the number of papers with more than one author, even from the same institution.
According to this classification schema, the following information was extracted for each paper and copied to a worksheet for further analysis: authors; institutions; publication year and venue; city/state; SE area; search-based technique used, and number of citations at Google Scholar d . After this, the data were analyzed on regard of different views to answer the research questions. These views are presented in the next section.
SBSE Brazilian community
This section contains an analysis of the obtained information in order to answer RQ1 (Introduction). First we analyze the main areas and techniques addressed by the Brazilian community and after this we identify the main research groups, as well as their expertise and interests.
Software engineering areas
Brazilian SBSE papers were grouped by SE area according to our classification schema (Classification schema, Data Extraction and Mapping). The selected areas are: Testing, Management, Requirements, Software Design, and Other Subjects. Five surveys about SBSE were published by Brazilian researchers, but these surveys were not included in our analysis on regard of the SE area. Software testing is the area that receives most attention from researchers: 47% of all works are dedicated to testing. This also happens in the international scenario (Harman et al. 2009 ). Most works address test data generation. Other works focus on test case prioritization and selection, integration testing, selection of testing strategies, test case allocation and test case selection and evaluation.
Testing is followed by Management (18%) and Requirements (11%). Management is an area in which search-based approaches were applied to optimize both the software development process and the product. Works address different tasks related to project planning, including scheduling, task and resource allocation. Other works are related to selection of project portfolios and software technologies.
Among the works on Requirements, the Next Release Problem has been addressed by Brazilian researchers. The goal is to find an ideal set of requirements for a software release considering different objectives, such as customer's requests, resource constraints, and requirement characteristics. Most recently, requirements prioritization has also been addressed (in 2011 and 2012) .
Since 2010 works involving other SE areas have appeared in the Brazilian scenario. However, we can also observe that the interest in Testing, Management and Requirements has not decreased. Therefore, this change only indicates that new application SE areas are emerging. 8% of the papers are about Software Design. In 2010 the first paper on this area was published addressing web services composition. From 2012 other works have addressed architecture refactoring and software module clustering. Other subjects, such as refactoring, software reliability prediction, component search, component clustering, database management and SBSE evaluation, have also been addressed recently. They represent 10% of all selected papers.
Search-based techniques
In this section, the SBSE papers are analyzed to determine the preferred search-based algorithms used by Brazilian researchers. Evolutionary techniques are preferred: MultiObjective Evolutionary Algorithms (MOEAs), Genetic Algorithms (GA) and Genetic Programming (GP) represent 31%, 22% and 11%, respectively. NSGA-II is the most used MOEA, but SPEA2 and MOCell are also frequently used. Besides evolutionary techniques, 22% of the studies have employed other metaheuristics, including Simulated Annealing, Hill Climbing and GRASP. Furthermore, 4 papers (4%) used Ant Colony Optimization (ACO) and 4 papers employed Pareto ACO (PACO) (4%). Classical techniques are applied by 5% of the papers: in this category Greedy and Branchand-Bound are the most used. Figure 1 presents the number of SBSE papers that use some kind of optimization algorithm per SE area. MOEAs were applied in papers of all SE areas. Considering all papers, all kinds of optimization algorithms were used to solve problems related to Testing. In this case, other metaheuristics and MOEAs were the most used. For Management, the most applied algorithm was GA. For Requirements, multi-objective algorithms are generally applied; ACO, GA, Simulated Annealing and GRASP were also applied. Finally, for Design, MOEAs were the most used.
Research groups
To map the research groups working with SBSE in Brazil, we first identified the institution of each author appearing in the selected papers. For each institution, we counted the number of published papers, as well as the frequency and regularity of publications. The result is depicted in Figure 2 . This figure presents the institutions, number and percentage of papers published, as well as the year of the first publication. Papers having more than one author from different groups were counted for all groups. The size of the circles represents the number of authors.
We can observe that the greatest number of authors is in UFPR (in Curitiba/Paraná, with 25 authors) and in UECE (in Fortaleza/Ceará, with 16 authors), the same universities that have the greatest number of publications. In addition, UNICAMP has nine authors, UFPE seven, UNIRIO and UFRJ six, followed by UFAM, UFPB and UFPI with four. ITA and UFMG have three researchers, UFS two, UFJF and USP only one. The first paper was published by the group from UNICAMP at 2000. Three institutions (out 14) published the first paper at 2010, when the first edition of WESB was promoted; they were followed by two institutions in 2011 and two 2012. Six institutions have published only one or two papers. In our analysis characterizing the research groups such institutions were not included, since we consider that they do not have a consolidate group with clear interests in SBSE. Hence, they do not appear in Figure 3 which contains information about the SE areas and techniques addressed per research groups.
Taking into account the SE area, the groups of UECE, UFPR and UNIRIO have publications in almost all areas. For UECE we observe a great interest for Requirements, followed by Testing. Testing is also the most addressed area at UFPR, UNICAMP, and UFAM. UFPR also has interest in other areas, such as Software Design and Management. The major interests of UNIRIO are Management and Software Design. Management is also addressed by UFPB and UFRJ. UFPE has publications only in Management.
Regarding the search-based techniques, we observe that MOEAs are the preferred technique used by UECE and UFPR. ACO is employed only by UECE. UFPR, as well as UNICAMP, also have several publications using Other Metaheuristics. The multiobjective algorithm PACO was only used by UFPR. This institution also has an expressive number of GP-based works. The research group at UNIRIO has concentrated its efforts on GA. UNICAMP, UFPB and UFPE have preference for GA. UFAM also prefers GA, besides Classical Algorithms. Finally, UFRJ published papers only with Classical Algorithms. 
Production analysis
This section presents a quantitative analysis considering the production of the Brazilian community, using the categories from bibliometrics analysis (Liu et al. 2012) , in order to answer RQ2 (Introduction).
Publications
Clearly, the most significant piece of information to characterize the development of SBSE in Brazil relates to the number of SBSE papers published by the community. Table 1 shows exactly the number of SBSE papers published by the Brazilian community, from 2000 to 2012, on a year-on-year basis. Also, it presents the cumulative amount by each year, the contribution of a particular year on the total amount and the growth compared to the previous year.
As can be seen in Table 1 , in total, SBSE Brazilian researchers have published, up to 2012, 98 works, which represent 6.67% of all papers reported in the SEBASE repository. That overall result places Brazil as the fourth country with more SBSE papers, behind UK (25%), USA (16%) and Canada (8%). Table 1 shows there was a significant acceleration on the amount of publications in 2010, with more than 70% of the papers being published from 2010 to 2012. That behavior can be at least partially attributed to WESB, which started in 2010 and accounted for 9 papers in that year. However, the other 14 works published in 2010, which represents almost all papers published up to 2008, show this significant growth reached beyond this important national event.
When one considers the languages used in these papers, the analysis showed that 80.62% works were published in English, which accounts for 79 out of the 98 papers. The other 19 papers (19.38%) were published in Portuguese. Those results show that SBSE research in Brazil happens both at national (papers published in the local workshop) and international (papers published in conferences and journals abroad) levels. The local workshop works as leverage for papers in early development stages, engaging researchers in discussions with their partners and providing feedback that will ultimately help the paper to reach for larger venues. Table 2 presents the ranking with the 15 most cited publications, based on Google Scholar. Not surprisingly, 7 out of the 15 most cited papers relate to testing, which is consistent with the ratio of papers published by area. However, the most cited paper tackled a management problem (team allocation). In general, as expected, the overall impact of the papers is still narrow, since the huge majority of the published papers have less than three years.
Source
When considering the venue where those SBSE works have been published, the analysis showed that around 75% (74 papers) of the publications were published in conference proceedings, with 20 articles (20.04%) in journals, 2 posters (2.04%), 1 (1.02%) book chapter and 1 (1.94%) technical report. This result, when compared with the behavior of the overall SBSE world community (Freitas and Souza 2011) , which published around 70% of their works in conference proceedings and 20% in journals, shows a local preference to conferences, which, once again, can be attributed to the presence Table 2 The 15 most cited SBSE works, ordered by Google Scholar and value Brazilian SBSE researchers give to WESB, which published almost 25% of all SBSE Brazilian works (Table 3 ). In addition to this conference, Brazilian researchers have shown a relevant presence in the International Symposium on Search-Based Software Engineering (SSBSE), publishing 14 papers in total. The other four conferences with most works can be seen in Table 3 . In terms of journal venues, SBSE Brazilian publications have been significantly spread with 3 journals publishing 2 articles, and 14 journals publishing a single paper.
Authorship
In Table 4 , it is presented statistics concerning the Brazilian SBSE publishing authors. It shows, in different columns, the number of "New" authors publishing for the first time in each year, the percentage participation and growth of these new authors, the number of "Active" authors per year and the numerical relation between new and active authors.
Taking into account the 98 analyzed papers, there are 90 Brazilian authors. The number of authors joining the Brazilian SBSE community increased significantly in 2010, with a growth of 200% compared to 2009. In that year, 21 out of the 41 publishing authors were new. Even with a decrease of authors since then, the national SBSE community had 41 active authors in 2012. Since there is no data available on the number of SBSE active authors in the world in 2012, we can compare the number from 2010 (Freitas and Souza 2011) . In that year, there were 168 SBSE active authors overall, which indicates that the Brazilian community contributed with 21.4% of all publishing authors in 2010, representing the 36 active Brazilian authors in that year.
When considering authors individually, as can be seen in Table 5 , 38 of those authors published only one paper and 25 of them published two, with only five authors publishing more than 10 papers. This scenario may help to confirm we have a community growing in the last 3 years, as presented in Table 4 . Table 6 shows the Brazilian researchers with more works published, including conference and journal articles, up to 2012. It also presents the number of citations at Google Scholar (taking into account only the papers selected for our mapping study), percentage of participation in relation to all Brazilian SBSE publications, the amount and position of each author concerning only publications in conference proceeding and journal articles. The table shows that the two most prolific authors account for almost half of all publications (36 out of the 73).
Collaboration
In regard of collaboration, which accounts for papers with more than one author, even if those authors are from the same institution, Table 7 shows statistics about the number of authors per paper. Papers with 2 authors represent 29.59% of all published papers. Only 6 works (6.12%) had a single author. Around 35% of the papers had four or more authors, which shows a significant collaborative level. When compared to the collaborative results presented in (Freitas and Souza 2011) , where, considering all SBSE publications from 2001 to 2010, only 21.14% of paper had more than 4 authors and more than 13% had only one. Those results confirm a higher collaborative attitude by the SBSE Brazilian community.
Conclusions
The Brazilian SBSE community had been recognized in the last few years as one of the most active in the world. Brazilian researchers have published search-based papers for many Software Engineering areas from 2000 to 2012, including software testing (54 papers), project management (14), requirements (14), and software design (8). They have also used a wide range of search algorithms on their approaches, including multiobjective evolutionary algorithms (26 papers), genetic algorithms (25), genetic programming (10), and ant colony optimization (8). Both in quantitative as well as qualitative terms, this research community has shown a recent and significant growth which qualifies it as an interesting case to be presented and reflected upon. We have identified 98 papers published in the field by 90 different authors from 2000 to 2012, summing up to more than 700 citations on Google Scholar. The number of publications (as well as collaboration between authors and the number of researchers engaging the field) has shown a strong increase since 2010 and more than 70% of the papers were published from this year on. In that sense, this paper discussed this community, by presenting the SBSE Brazilian researchers and groups and providing an overview of the works being produced by them. This work served to highlight interesting aspects of the community, including the importance of the Brazilian Workshop on Search Based Software Engineering (WESB), which started in 2010 and helped significantly in the increase and consolidation of the Brazilian SBSE community. Other than that, the mapping showed a significant spread in the active SBSE groups in geographical terms, which gives a perspective of an even more dissemination in the future. This paper may serve as motivation to other national or institutional research groups present their contributions to the SBSE field, which may help the international SBSE community to understand itself and use this knowledge to drive its own evolution. As the Brazilian SBSE community prepares to organize SSBSE in 2014, this work may serve both as a presentation as well as an invitation to this important event, which it is expected to strengthen and consolidate SBSE research in Brazil.
The behavior of Brazilian researchers in the last few year resembles that presented by the international research community in the early-years of the SBSE field: the first studies concentrated almost entirely in the application of heuristic search to software testing; later, some authors moved to address software requirements, design, and project management. While researchers from abroad are exploring these late areas intensively since 2001, each one of them representing about 10% of the world-wide published papers on SBSE from 2001 on, the domestic community caught up around 2008/2009. Comparing samples of very different sizes is always dangerous, but we observe that recent works produced by the Brazilian community tend to be more diverse in application areas than those produced by the international community as a whole. For instance, research in SBSE testing accounts for only 49% of the papers published by Brazilians since 2008, while they represent 61% of the papers published by the international community. Project management has also received more attention of the Brazilian community (24% of the papers since 2008), while design and requirements receive about the same attention as in the international community. Regarding the future of the SBSE research and practice in Brazil, we identify some 'hot' trends by analyzing the papers published recently, including high-level design optimization, selection of refactoring strategies, evaluation of SBSE experimental studies, application of SBSE approaches to industrial cases, and using recent heuristic optimization approaches (such as Ant Colony Optimization) to address classic problems (such as the next release problem) in more complex cases. Thus far, no area has shown signs of losing interest from researchers, both in the international and the domestic communities, though research in software testing continues to be the leading trend. The trends discussed above may drive the next steps in research, which may include more interaction with local industry, more collaboration with international partners, a deeper understanding of certain classic problems (such as software module clustering and the next release problem), and customizing problems and their solutions to specificities of the Brazilian industry. 
